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Materials and Methods.
Samples
Shrimps were collected in the Chukchi Sea, Aleutian Islands, 
and Gulf of Alaska between 2005 and 2012 with most of the 
samples being collected in 2012 (Fig. 1). Samples were pho-
tographed and stored in 100% ethanol and morphological 
identifications were made following the keys in Butler (1980) 
and Vassilenko and Petryashov (2009).

DNA Extraction, PCR Amplification, and Sequencing
Total genomic DNA was extracted from a small piece of 
abdominal muscle tissue using DNeasy Tissue Kits (Qiagen). A 
partial region of the COI gene (~ 700 bp) was amplified using 
three primer pairs depending on the taxa. Polymerase chain 
reaction (PCR) amplifications were carried out in 12.5 μL reac-
tions and PCR products were sent to the DNA Sequencing 
Center at the University of Washington for purification and 
sequencing. 

Data Analysis
Sequence contigs from forward and reverse strands were 
assembled using SequencherTM v. 5.1. Sequences were then 
aligned using ClustalW as implemented in BioEdit 7.0.5.3. 
Sequence divergences were calculated using the Kimura 
2-parameter (K2P) distance method, and a  neighbor-joining 
(NJ) tree was constructed using the bootstrap (BS) procedure 
with 10000 replications as implemented in MEGA 5.05. A 
haplotype accumulation curve with 95% confidence intervals 
was assembled using the program R-package SPIDER v1.1 to 
assess the amount of variability in our samples. 

Introduction.
DNA barcoding is the application of short sequences of DNA to species identi-
fication and has become a powerful discipline since its inception (Hebert et al. 
2003a,b), aiming to assess and document biodiversity at a quicker pace than 
traditional methods. One of the main advantages of this method is its ability 
to flag species that are potentially new to science (cryptic species). It also has 
advantages over morphological approaches when analyzing stomach contents 
and identifying larval forms and damaged specimens. Accurate species identifica-
tion is critical for understanding their distribution and abundance and to inform 
ecosystem-based management. It has been effective in a variety of metazoan 
groups, including marine caridean shrimps (Costa et al. 2007; Radulovici et al. 
2009; da Silva et al. 2011).

Crangon is a commercially and ecologically important genus of caridean 
shrimps, but its taxonomy is complicated by a lack of diagnostic morphological 
characteristics (Holthuis 1980; Luttikhuizen et al. 2008; Campos et al. 2012). This 
is especially true for C. crangon, C. septemspinosa, and C. alaskensis. Crangon 
crangon is found only in the Northeast Atlantic and C. sep-
temspinosa is found in the Northwest Atlantic (type locality) 
and apparently the North Pacific, although some researchers 
do not recognize it occurring in the North Pacific (e.g. Squires 
1990). Crangon alaskensis occurs in the Northeast Pacific and 
is distinguished from C. septemspinosa by possessing a very 
faint carina on the fifth abdominal segment. There is confu-
sion whether these three species and Crangon affinis in the 
Northwest Pacific are actually the same species (Luttikhuizen 
et al. 2008). The genus reaches its greatest diversity in the 
Northeast Pacific, which is hypothesized to be its center of 
origin (Luttikhuizen et al. 2008). It has been demonstrated 
that it plays an important role in the ecosystem as prey and/
or predator on juveniles of commercially important flatfishes 
(Campos et al. 2012). In an effort to document the diversity of 
Alaska’s marine invertebrate fauna (Drumm et al., in review), 
it became clear that the geographic ranges of many shrimp 
species are largely undocumented. 

We tested the utility of barcoding approaches to identify 
candidate species of the marine shrimp genera Crangon and 
Neocrangon from Alaska and compared the newly generated 
sequences with sequences in GenBank and BOLD among con-
geners and conspecifics. Major goals were to analyze sequence 
divergence among conspecifics in different geographic regions 
to test for possible cryptic species and to help resolve taxo-
nomic issues in problematic species.

Results and Discussion.
The mean intraspecific divergences were less than 1% except 
for Neocrangon communis, which was 4%. This was due to 
the Chukchi Sea specimen differing by as much as 6.9% from 
the British Columbia specimens (Table 1). A barcode gap was 
still evident, as it diverged from the only congeneric species 
analyzed by over 15% (Table 1). Whether this gap holds up 
will have to await until additional congenerics are analyzed.  
Neocrangon forms a monophyletic group in the NJ tree (BS 
= 92%) (Fig. 2). Crangon dalli had the highest interspecific 
divergences (all over 10%) and did not show any intraspecific 
variation (Table 1). The lowest interspecific divergence was 
seen between C. crangon and C. angustimana (mean 5.7%). 
Specimens identified as C. septemspinosa from the Chukchi 
Sea diverged from topotypic specimens in the Northwest 
Atlantic by 9.1% [represented as Crangon sp. (CS) in Table 1 
and Fig. 2 and highlighted in yellow] and likely represent a 
new species. 

Based on our results, it appears that Crangon septemspi-
nosa may not occur in Alaskan waters. A specimen identified 
as C. septemspinosa by one of us (Drumm) from the Gulf of 
Alaska grouped with two specimens of Crangon alaskensis 
from British Columbia (highlighted in blue in Fig. 2) and was 
likely misidentified. Crangon septemspinosa is very similar 
to C. alaskensis but lacks a keel on the fifth abdominal seg-
ment, which when present can be very faint and hard to see. 
Another COI sequence (GenBank Accession #AF125416.1) that 
came from a specimen identified as C. septemspinosa grouped 
with C. crangon on the NJ tree [shown as Crangon sp. (CA)], 
but without bootstrap support. This specimen was purchased 
at a marine supply company in California, but it is unknown 
where the specimen actually came from (Shank et al. 1999). 

It must be pointed out that we confirmed a misidentifi-
cation in the Barcode of Life Database (BOLD). Two specimens 
in BOLD identified as Crangon alaskensis are actually Crangon 
dalli.  Misidentifications are a major problem when using ref-
erence libraries in online databases and a serious limitation 
to the utility of DNA barcoding. The haplotype accumula-
tion curve revealed that the genetic diversity has not been 
fully sampled, as indicated by the steep slope and lack of an 
asymptote (Fig. 3). 

In conclusion, DNA barcoding proved to be a useful 
tool for the identification of marine caridean shrimps of 
Alaska. It also led to the discovery of a possible cryptic 
species in the Chukchi Sea, warranting further study to 
determine if there are any additional differences (i.e., mor-
phological, ecological, etc.). 
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Figure 1. Map showing collecting localities (bold triangles) in the 
Chukchi Sea, Aleutian Islands, and Gulf of Alaska. 

Figure 2. Neighbour-joining tree based on mitochondrial cytochrome c oxidase I gene sequences (K2P model). Bootstrap values above 85 based on 
10000 replications are included. Specimens identified as Crangon septemspinosa in the Chukchi Sea are highlighted in yellow: Aleutian Islands (AI), 
British Columbia (BC), California (CA), Chukchi Sea (CS), Gulf of Alaska (GOA), Northeast Atlantic (NEA), Northwest Atlantic (NWA). 

Figure 3. Haplotype accumulation curve. 
Mean (solid blue) and 95% confidence intervals 
(dotted red) are given. 
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Table 1. Intra- (numbers in italic) and interspecific Kimura 2-parameter (K2P) genetic divergences for Crangon and Neocrangon species. The range of divergences between 
C. septemspinosa in the NW Atlantic and specimens identified as C. septemspinosa in the Chukchi Sea is highlighted in yellow: Chukchi Sea (CS), California (CA).

C. septemspinosa C. alaskensis C. sp (CS) C. angustimana C. sp (CA) C. crangon C. dalli N. communis N. abyssorum

C. septemspinosa 0.0 – 0.9%

C. alaskensis 7.6 – 8.8% 0.0 – 0.3%

C. sp. (CS) 8.3 – 10.0% 6.0 – 7.1% 0.0 – 0.5%

C. angustimana 8.0 – 9.1% 6.8 – 6.9% 6.7 – 7.1% 0.0%

C. sp. (CA) 11.3 – 12.5% 7.9 – 8.1% 8.7 – 9.1% 9.4% –

C. crangon 8.1 – 9.5% 6.4 – 6.8% 5.8 – 6.6% 5.6 – 5.9% 7.6 – 8.0% 0.0 – 0.5%

C. dalli 14.2 – 15.6% 13.2 – 14.0% 12.9 – 13.6% 13.4 – 13.6% 14.4% 11.9 – 12.7% 0.0%

N. communis 19.2 – 23.6% 17.3 – 19.8% 15.8 – 19.2% 17.7 – 20.1% 20.2 – 22.0% 18.2 – 20.6% 18.3 – 18.9% 0.3 – 6.9%

N. abyssorum 23.4 – 24.6% 23.9 – 24.6% 22.7 – 24.3% 21.6 – 22.0% 23.9% 19.7 – 21.0% 22.5 – 22.6% 17.9 – 20.2% 0.3%

Crangon sp. (CS)
n=10

Crangon alaskensis  (GOA, BC)
n=3

Crangon angustimana (GOA)
n=3

Crangon crangon (NEA)
n=4

Crangon dalli (CS, AI, GOA)
n=9

Crangon septemspinosa (NWA)
n=13

Neocrangon abyssorum
n=2

Neocrangon communis (CS, BC)
n=4

Argis alaskensis (outgroup)

Crangon sp. (CA)


